Summary. The isotope competition method with glucose-U-14C as a carbon source has been used to determine whether or not selected compounds contribute carbon to the biosynthesis of protein amino acids in cells derived from Paul's Scarlet Rose. Of 48 compounds tested, 15 
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Imidazole glycerol was estimiated by the periodate method of Ames (1) .
0-Succinyl-DL-homoserine was synthesized by the method of Flavin, Delavier-Klutchko, and Slaughter (11) . The O-acetyl derivatives of DLho,moserine and L-serine were prepared by acetylation in acid solutions as described by Greenstein and WVinitz (16) . Each of these compounds gave only 1 ninhydrin reacting spot when 50 ug was chromatographed on paper using n-butanol-acetic acid-water (120:30:50). The acetylated compounds were clearly separated from the parent compounds.
DL-b-Hydroxy norvaline, b8amino-n-valeric acid, w-am'ino-n-caproic acid and L-4histi,dinol were obtained from Cyclo-Chemical Company. The N-acetyl-b-hydroxy norvaline was prepared using the method described by CGreenstein & Winitz (16) .
Acetoliactate acetate (ethyl ester) was obtained from K and K Laboratories and saponified as described by Krampitz, (19 Glucose-U-'*C was purchased from New England Nuclear Corporation.
The experiments reported herein were performed as previously described (5) but with the following minor modifications. The amounts of amino acids in the protein hydrolysates were estimated on aliquots of the column eluiates. The ammonia was removed from the aliquots which had been made alkaline with a known qtuantity of N,aOUH, by drying in vacuo over H9S'O4. The NaOH was neutralized with the calculated quantities of acetic acid prior to the estimation of amino acid.
The sterility of all cultuires was checked as described (5) and data from any found not to be sterile, was discarded.
In isotope competition experiments, the carbon source in the cutlture media was 0.5 % gllucose s,upplemented with 5 ,uc of glticose-U-'4C.
The following compounds were tested at the concentrations (mm ) given in parenthesis: f8-alanine ( Where the numbers are italicized, the compound was brotught to pH 6.0 with NaOH, the other acids were brotught to pH 6.0 with NH4OH before addition to the medium.
Results
Inhibitiont of Grozwith. Some of the compounds tested gave definite inhibition of growth. Growth of tisstue was regarded as inhibited if the fresh weight was less than 90 % of the controls at the end of the experiment (6). The lowest concentration (mM) at which growth inhibition was o,bserved, Effects in Isotope Co in petition Expcrinents.
No reduction in the radioactivity of any protein amino acid relative to the control was detected when the following tompounds were provided in the cuilture medium: 8-alanine, y-amino-butyric acid, b-amino-n-valeric acid, co-amino-n-caproic acid, aamino-adipic acid, hexahomoserine, homocitrulline, glutamic-semialdehyde, a: y diamino-butyric acid, bhydroxy-nor-valine, N-acetyl-b-hydroxy-nor-valine, O-acetyl-serine, N-acetyl-aspartic acid, N-acetylasparagine, suceinic acid, pyruvic acid, glyceric acid, malic acid, lactic acid, dihydroxy-acetone, glycerol, glyoxvlic acid, glyoxal, ethyl alcohol, aketo-glutaric acid, citric acid, acetic acid, formic acid, formamide, xylose, ribose, arabinose, imidazole-glycerol or a-acetol!actic acid. figure 1 are functioning during the growth of these cells.
Discussion
The basis for the selection of the compounds tested in these experiments was: A) they have been isolated from plants or B) they are known to be intermediates in amino acid biosynthesis, and they were readily available.
Many compounds at concentrations that were not inhibitory hiad no effect on the labeling of protein amino acids. This behavior was not expected since many of the compounds tested are intermediates of glycolysis or the tricarboxylic acid cycle. Several different mechanisms exist whereby a compound which is expected to, does not contribtute carb-on to amino acid biosynthesis in isotope competition experiments. These include compartmentation, major usage by an alternative pathway, restricted entry into the cells or the compound may not be an intermediate. It is not possible from data in this paper to determine which mechanism accounts for the negative results.
The results presented in this paper indicate that many of the intermediates in the biosynthesis of lysine, threonine, isoleucine, methionine, histidine, phenylalanine, and tyrosine in Paul's Scarlet Rose cells are the same as those in microorganisms (22) . Some of the compounds recognized as intermediates in this study have been recognized as intermediates in amino acid biosynthesis in other plants (9) . The biosynthesis of arginine was discussed in an earlier paper (7) .
The results obtained with shikimic acid, phenyl- pyruvic acid and p-hydroxy-phenylpyruvic acid are comparable to those obtained by Gamborg and Neish (13) . The data show th,at the keto-acids are not interconverted. Earlier, tyrosine and phenylalanine were shown not to be interconverted (5) . The keto-acids however do have a common origin; shikimic acid being one common intermediate. Gambo,rg and co-workers (12, 14) have evidence that prephenic acid is the precursor of p-hydroxyphenylpyruvic acid and phenylpyruvic acid in wax bean and in mung beans.
Participation of diamino p.meli c acid in the biosynthesis of lysine as demon,strated in these experiments is additional evidence to that provided by Vogel (35) , Shimutra and Vogel (32), Fiinlayson and 'McConnell (10) , and by Griffith and Griffith (17) for the presence of the diamino pimelic acid pathway of lysine biosynthesis in plants.
The conversion of threonine to isoleucine occurred in Rose tissuie (5) . a-Amino-butyric acid also contributed carbon to isoleucine (table I) . a-Amino-butyric acid was probably deaminated to a-keto buityric acid before incorporation into isoleuicine. This hypothesis is suipported by evidence for the presence of the enzy-mes synthesizing a-aceto-a-hydroxy-buityric acid, a :, dihydroxy-,l-methyl-valeric acid, a-keto-,f-methyl-valeric acid and isoletucine in a number of plants (20) indicating that a-keto butyric acid is an intermediate in the biosynthesis of isoleucine. The hypothesis is strengthened by the brief report of Umbarger (33) that threonine deaminase was f,ound in extracts of cantaloupe and tobacco and by the demonstrationi of a threoniine deaminiase which was inhibited by isoleucine in vitro in extracts of Paul's Scarlet Rose tisstue (8) .
Bilinski aindI McConnell (2), V-ogel (35) , and Navlor, Rabson and Tol,bert (24) concluided that threoinine was synthesized from aspartate in plants.
In part II of this series (6) evidence was presented for a metabholic relationship between threoniine and aspartate. The conversion of aspartate to homoserine has been stuidied by Sasaoka (27, 28) Sasaoka an(d Inagaki (29, 30) , and by Larson ain(l Beevers (21) . The dlemoistration that homoserine was COIuverte(l to threonine in Patul's Scarlet Rose provides further evickece for this pathway.
The conversion of homoserine to nmethionine in higher plants has not, to the autthors knowledge, been previously reporteid. Cystathioniine and( homocvsteiine als,o contribuited carbon to methionine thuis otlliniing the pathway of methionine biosynthesis. Rowbury and \Vood (26) and Delavier-Kltitchko and Flavin (4) Ouir resu-lts show that dturing growth of the Rose tisstue, a-keto-isovaleric acid is ain intermediate in the biosynthesis of valine and leuiciine. This complements the demonstration of the enzymes for the synthesis oaf letucine from a-keto isovaleric acid in maize embryos (25) . The data in this paper also stupplement studies showing that a-keto isovaleric acid and a-keto isocaproic acids are transaminated to -valine and letucine, respectively, in a variety of plants (20) .
The restults in this paper together vith those in the previous parts of this series (5, 6, 7) indicate that in the actively growing cellis of Patul's Scarlet Rose in tissuie cultture many of the intermediates used in the biosynthesis of the protein aminio acids are the same as those tuseld by other organisms (22) . The outstanding exception to this generalization is the pathway of biosynthesis of lysine which in most cells involves diamino-pimelic acid btut in yeasts involves a-amino adipic acid.
